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, , ^ 

A differential amplifier (10) mcorporates ilve me- 
tal oxide field effect transistors (MOSFETs) (Ml to M^. 
The transistors (Ml to M5) are a source-coupled pair of 
iiqnit transistors (Ml, M2) with sources connected to a 
current control transistor (M5) and having respective 
drain load transistors (M3, M4). The transistors (MI to 
M5) have floating gates (Fl to F5) and input gates (Gl to 
G5). The amplifier (10) is adjusted to counteract differ- 
ing input transistor threshold voltage by charging one of 
the input transistor floating gates (Gl, G2) to reduce am- 
plifier offset voltage extrapolated to zero input transistor 
drain current It is then adjusted to reduce discrepandes 
between actual and design values of input transistor 
drain voltage 1^ diaiging one or both of the drain load 
transistor floating gates (F3, F4). The amplifier may be 
arranged as an operationial amplifier (20) with a second 
stage (16) connected to an input transistor drain. The op- 
erational amplifier input offset voltage is determined by 
comparing the second stage output with a reference and 
feeding a multing difference signal to the amplifier ui- 
put. The input offset voltage is then counteracted by 
charging an input transistor floating gate (Fl or F2) to 
reduce the difference signal. 
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1 

DIFFERENTIAL AMPLIFIER 

This invention relates to a differential amplifier and to a method of 
obtaining an imbalance-corrected differential amplifier. 

Differential amplifiers are well known in the prior art. They are based 
on the so-called long- tailed pair of active three terminal devices. The 
devices of such a pair have separate input and load connections, but 
their third terminals are connected together; ie the pair may be a 
cathode-coupled valve pair, an emitter-coupled bipolar transistor pair 
or a source-cotqpled field effect transistor pair. More complex circuits 
are also known in which a differential amplifier is an input stage of an 
operational amplifier, and converts two input signals to a single 
differential signal. m recent years, differential and operational 
aaiplifier production has been preferentially based on integrated. circuit 
techniques using complementary metal oxide-silicon (CMOS) technology. 

An ideal differential amplifier would have a predetermined output voltage 
for zero input voltages. It would also have a predetermined output 
20 voltage when both input voltages are non-zero but equal; ie the common 
mode rejection ratio (CHRR) of the amplifier should be infinite. In 
practice, this ideal is not achieved because of mis-match between 
component transistors of a differential amplifier. 

25 A differential amplifier has at least one pair of transistors which 
should ideally be identical. Unfortunately, variations in manufacturing 
lead to differex^es between pair members which produce discrepancies 
between ideal performance and obtained performance. 

To improve differential amplifier performance over that obtainable by 
attention to design and manufacture, it is known to adjust the physical 
parameters of such amplifiers subsequent to manufacture. One such 
approach involves incorporating in the amplifier a resistor whose value 
controls an electrical characteristic of the amplifier. The resistor is 
made of vaporizable material, and is located in an accessible position 



10 



•« 30 



35 



Wd 93/17493 



PCr/GB93/00311 



in the an^lifier. The resistor is partially vaporized by a laser to 
alter its resistance to a value appropriate to adjust the amplifier's 
performance, in practice, a circuit requires robust construction and 
therefore increased cost to tolerate thermal stresses associated with 
S laser vaporization. Moreover, to achieve adequate performance, it may 
be necessary to employ more than one vaporizable resistor. The process 
is limited in accuracy to the minimum change in a resistor value 
obtainable by a single laser pulse, and is time consuming and expensive. 

10 An alternative approach to differential amplifier adjustment is to 
r^lace individual resistors requiring adjustment by respective chains 
of resistors in series, each resistor being bridged by a Zener diode with 
associated current terminal pad. One or more individual resistors in 
each chain may be short-circuited by passing a high reverse current 

15 through the associated Zener diodes. The current short-circuits the 
diode junction, and the chain resistance becomes that due to those 
remaining resistors which are not short-circuited. Conveniently, the 
resistor values in a chain form a binary doubling sequence, ie R, 
2R, . . . .2'*'^R? seven resistors per chain are needed to achieve resistance 

20 adjustment accuracy to 1% of the chain resistance. Moreover, each 
resistor requires a contact pad. This approach has the disadvantage that 
part of the circuit is devoted to resistors, contact pads and Zener 
diodes which are irrelevant to circuit operation after initial circuit 
adjustment, it is therefore wasteful of integrated circuit material. 

25 

It has also been suggested to en^loy a differential current circuit as 
a module for insertion in an amplifier to provide current adjustment 
capability. This is reported by E Sackinger and H Guggenbuhl rim ? 
SC23 1437 (1988), .who describe a sub-circuit module suitable for 
delivering a current of magnitude and polarity required for amplifier 
adjustment. 



An alternative approach has been suggested by L.R^ Carley, rapK J. SC24 
1569 (1989). This involves an amplifier with two input field effect 
transistors each with a drain load transistor in what is known in the 



W6 93/17493 



PCr/GB93/00311 



3 

prior art as a "current mirror" arrangement. Carley suggests employing 
an additional transistor connected in parallel with a drain load 
transistor and arranged to counteract offset voltage. 



S All the foregoing prior art techniques for differential amplifier 
adjustment suffer from the dis^vantage that they counteract mis-match 
by the introduction of asymmetry into the circuit. The traditional Icmg- 
tailed pair differential amplifier is symmetrical; it has two input 
circuits which are intended to be identical to one another. The symmetry 

10 is lost if resistors and Zener diodes or additional load transistors are 
used to counteract mis-match. Sxich prior art techniques allow the 
amplifier offset voltage to be adjusted and forced to zero for a 
partictilar combination of input voltages. However, the average offset 
voltage over the whole range of amplifier inputs may worsen, that is, 

15 the circuit asymmetry degrades the OSBR of the differential amplifier. 

It is an object of the invention to provide an alternative form of 
differential an^lifier and a method of adjusting such an amplifier. 

20 The present invention provides a differential amplifier wherein: 

(a) a source-coupled pair. of transistors are arranged respectively as 
inverting and xion-inverting input transistors of the amplifier, 

25 (b) the input transistors have respective drain load circuits each 
incorporating a respective subsidiary transistor and the 
subsidiary transistors forming a pair. 



(c) at least one of the pairs of input and subsidiary transistors is 
30 a pair of field effect traxisistors incorporating respective 

floating gates and 

(d) the amplifier includes correcting means for charging at least one 
of the said floating gates to counteract at least one of 

35 
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(i) differing input transistor threshold voltages, and 

(ii) discrepancies between actual and design values of input 
transistor drain voltage. 

5 

The invention provides the advantage that it is a differential amplifier 
that is adjustable to counteract mis-match without introducing circuit 
asymmetry as in the prior art. It is adjusted by charging one or more 
of the amplifier's transistor floating gates, the charge being retained 
10 to provide correction for mis-match. 

If at least the input transistors are floating gate field effect 
transistors, the correcting means may be arranged for charging at least 
an input transistor floating gate to counteract differing input 

15 transistor threshold voltages; the amplifier may also include^ current 
varying means c o n n ected to input transistor sources and arranged to vary 
input transistor drain currents. The current varying means may comprise 
. a transistor and biasing means arranged to vary the current in that 
transistor. 

20 ^ 

The correcting means may include:- 

(a) means for controlling the current varying means to determine a 
li ne a r region of the variation of the an^lifier input offset 
25 voltage with the square root of the sum of input transistor drain 

currents, and 

means for detecting discrepancies between actual and design values 
of input transistor drain voltage and for charging at least one of 
the subsidiary transistor floating gates to counteract such 
discrepancies. 

amplifier may incorporate one or more transistor floating gates which 
chargeable as hereinafter discussed. 
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The correc±ing means may include a respective terminal pad connected to 
the or each floating gate designed for charging, the said terminal pad 
being connectable to a charging source. 

5 An amplifier of the invention may be arranged as an operational amplifier 
inc l u ding a second stage ctmnected to a drain load circuit and the 
correcting means may include means for charging an input transistor 
floating gate to counteract amplifier input offset voltage. 

0 In an alternative aspect, the invention provides a method of obtaining 
a mismatch-adjusted differential amplifier including the steps of: 

(a) providixxg a differential amplifier incorporating a pair of input 
transistors and a pair of drain load transistors, at least one 

5 pair being floating gate field effect transistors, and 

(b) charging at least one floating gate of the field effect 
transistors to counteract at least one of:- 

9 <i) differing input transistor threshold voltages, and 

(ii). discrepancies between actual and design values of input 
transistor drain voltage. 

1 The input transistor threshold voltage difference may be determined 
determining the amplifier input offset voltage extrapolated to zero input 
transistor drain current. The threshold voltage difference is then 
counteracted by charging an input transistor floating gate as appropriate 
to produce a reduction therein. Discrepancies between actual and design 

I values of input transistor drain voltage may be determined by providing 
reference signal levels to the input transistors and monitoring the 
resulting drain voltages. One or both subsidiary transistor floating 
gates are then charged to reduce the discrepancies. The amplifier of the 
invention may be an operational amplifier and may incorporate a second 

i stage connected to an input transistor drain, and the amplifier input 



wo 93/17491 



PCr/GB93/00311 



6 

o££set voltage may be determined by feeding back to an amplifier input 
a signal derived by comparing the second stage output with a reference 
signal level. The offset voltage is then counteracted by charging an 
input transistor floating gate to reduce it. 

5 

The method of the invention is well suited to iteration to achieve 
successive a^oximations to required performance. It also lends itself 
to automation under computer control as employed in conventional 
integrated circuit testing. 

10 

The invention also ext;ends to an operational amplifier made by the 
foregoing method. 

m order that the invention mi^t be more fully understood, an embodiment 
15 thereof will now be described with reference to the accompanying 
drawings, in which: - 

is a schematic circuit diagram of a dif f erratial amplifier 
of the invention arranged for determination of input 
transistor threshold voltage difference and its correction; 

is a graph of amplifier offset voltage against gate-source 
voltage minus threshold voltage of a transistor arranged to 
control amplifier drain current; 

shows the amplifier of Figure 1 arranged for determination 
and adjustment of discr^ancies between aptual and design 
values of amplifier output voltage; and 



20 



25 



Figure 1 



Figure 2 



Figure 3 



30 



Figure 4 



shows the amplifier of Figures 1 and 3 arranged as part of 
an operational an^lifier in which amplifier input offset 
voltage is to be corrected. 
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Referring to Figure 1^ there is shown a differential amplifier of the. 
invention indicated generally by 10. The aaqplifier 10 incorporates 
first, second, third, fourth and fifth metal oxide-semiconductor field 
effect transistors (HOSFETs) Ml, M2, MB, M4 and M5 produced by CMOS 
5 technology. The HOSFETs Ml to MS are floating gate devices, generally 
as outlined by S.M. Sze in "Physics of Semiconductor Devices", 2nd Ed. 
Wiley 1981, page 496. Each HOSFET Mx consequently has two respective 
gates, a floating gate Fx and an input gate Gx, where x is 1,2,3,4 or 5. 
Each floating gate Fx is capable of storing electrical charge for a long 
10 period. In IEEE Electron Device Letters, Vol.12, No 3, March 1991, 
Thomsen and Brooke estimate that a floating gate in a silicon MOSFET 
would lose charge at the rate of 0.1% in 26 years. 

The first and second MOSFETs Ml and H2 are the input transistors of the 
1.5 differential amplifier 10. They are MMOS devices, and are connected to 
form a source-coupled pair (long- tailed pair); the fifth MOSFET M5 is 
also an NHOS device, and is connected as a common source bias element 
between the N1/H2 pair and a negative power supply line 12. The third 
and fourth HOSFETs N3 and M4 are PMOS devices, as indicated 
20 convmtionally by respective circles adjacent their input gates G3 and 
64. These MOSFETs M3 and M4 are drain loads for the first and second 
MOSFETs Ml and M2 respectively; the connections between associated 
MOSFETs M1/M3 and M2/M4 are drain to drain. The third and fourth HOSFETs 
H3 and M4 are connected to a positive power supply line 14, and they act 
25 in combination as a current mirror circuit. 

A current mirror is a known circuit incorporating a MOSFET with gate and 
drain terminals connected together. In consequence, the gate-source 
voltage V^^ of such a HOSFET reflects the current through it. Moreover, 
30 connection together of the gates G3 and 04 of the third and fourth 
HOSFETs H3 and M4 ensures that these transistors carry like drain 
currents when biased to an operating regime where cxirrent is independent 
of drain-source voltage v^^ provided that their floating gates F3 and F4 
have like charging. 



35 
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The first to fourth floating gates F1 to F4 have capacitative coupling 
connections (eg CI ) to terminal pads Pi to P4 respectively. The fifth 
H0SFE7 floating gate F5 has no associated pad. The first and second pads 
PI and F2 are connected to respective charging voltage sources VC1 and 
5 VC2. 

The first and second input gates G1 and 62 are connected by first and 
second lines LI and L2 tcr respective sides of a voltmeter VH. The line 
L2 is also connected to earth. The third and fourth MOSFST input gates 
10 63 and 64 are connected directly together as has been said. The fifth 
MOSFET input gate 65 is connected to a single pole^ double throtr swit^ 
Sff having poles connected to a bias voltage source VB and to a terminal 
pad P5. The pad PS is connected by a line LB to a DC voltage generator 
VG. 

15 

The first and second MOSFETs HI and H2 have drain connections D1 and D2 
connected both to the third and fourth MOSFCTs M3 and 114 and to terminal 
pads' P6 and P7 respectively. The pads P6 and P7 are also connected by- 
lines L3 and L4 as input terminals of a comparator amplifier CA. 

20 

The differmtial aB^lifier 10 is adjusted as follows to correct for 
differing threshold voltages. V^^ and of the first and second HOSFSTs 
Ml and M2. The switch SH is set to connect the fifth input gate 65 to 
the termin al pad P5 and thence to the voltage generator VG. The charging 
25 voltage sources VCl and VC2 are initially isolated (not shown) from the 
pads PI and P2. The drain current of the fifth MOSFET M5, and 
consequently that of each of the first and second MOSFETs Ml and M2, is 
adjusted by means of the voltage gmerator V6 until the first and second 
HOSFETs are operating in a saturation regime. 

30 

The comparator amplifier OA receives input of the drain voltages of the 
first and second MOSFETs Ml and M2; it amplifies the difference between 
these voltages. The amplified difference voltage is fed back to the 
first input gate G1 with a polarity appropriate to reduce the difference 
35 between the first and second MOSFET drain voltages, when feedback has 
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15 



20 



25 



9 

. produced a quiescent state, the output voltage from the comparator 
amplifier Ck is that input voltage to the differential amplifier 10 which 
produces equality between the drain voltages of the first and second 
MOSFETs Ml and M2; this input voltage is defined as the offset voltage 
Vq3, and it is shown by the voltmeter VN. 

The difference ev^^ between the threshold voltages v^, and of the 
first and second MOSFSTs N1 and M2 is determined by a graphical 
extrapolation technique. Mien 6V„2 has been determined, it is reduced 
by applying a charge of the appropriate polarity to one of the first and 
second floating gates F1 and F2 by means of the respective charging 
voltage sources VC1 or VC2. The graphical and charging techniques are 
described in more detail below. The reduced value of 5V„2 is determined 
by the graphical technique once more, and is further reduced by altering 
the charge previously applied to the floating gate PI and F2. The 
procedure is repeated iteratively until the residual value of SVj^^ 
sufficiently small to be negligible for the purpose for which the 
amplifier 10 is intended. 

Ihe graphical extrapolation technique referred to above is derived as 
follows: the offset voltage Vqs (shown on the voltmeter VM in Figure 1 ) 
has been analysed for a source-coupled pair of KOSFETs by P R Gray and 
R G Meyer in "Analysis and Design of Analog Integrated Circuits". Second 
Bdition, John Hiley and Sons 1984. From that analysis, it can be shown 
that, if the first, second and fifth MOSFZTs Ml , M2 and M5 are operating 
in saturation, then approximately :- 



(1) 
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where 1^^ is the drain current of the fifth MOSFET MS, and A is a 
constant. Equation (1) is an approximate relationship which arises 
because is related to the drain currents of the first and second 
MOSFETs Mt and M2, and these currents are approiciinately equal to each 
5 other and to IQ5/2. 

However, in saturation, 1^ « [Vq^^ • ^ts^^ 

where and Vj^ are the fifth MOSFET 's gate-source voltage and 
10 threshold voltage respectively. 

Combining (1) and (2) 

Vos - 6V^2 * BtVess - Vts) (3) 

15 ' 

idiere B is a ccmstant. 

Equation (3) shows that the variation of as a linear function of thfe 
square root [I^jl* of the sum of the first and second MOSFETs' drain 
20 currents can be replaced by a like variation with {V^^ - V^) . 

A typical value for a MOSFET threshold voltage V,. is 0.85V, and this 
value may be employed to replace Vj^ in Equation . (3) with a degree of 
error that is negligible. 

25 

Vgs5 is the voltage difference between the voltages on the line LB and the 
negative power supply line 12, and is controlled by the voltage generator 
VG. AS has be^ said, is measured by the voltmeter VM. Ftom 
Equation (3^ a graph of against (Vgsg - V^) produces a straight line 
30 of slope B. This line has an intercept on the Vqs axis of ev^gf the 
difference between the threshold voltages Y^^ and of the first and 
second MOSFETs Ml and M2. The graph is produced by connecting the fifth 
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MOSFET gate 65 to the voltage generator VG, varying the generator output 
voltage. This produces a variation in on the voltmeter VM. 

Referring now also to Figure 2, there is shown a graph 15 of V^^ against 
5 (Vg35 - V^)* The graph has a linear portion ISA and a curved portion 
1SB; the latter arises from departures from the assumptions on which 
Equations (1) to (3) were based/ The linear portion ISA is extrapolated 
hf a chain line 15C to an intercept dV^j of -18.7mV on the Vq^ axis. The 
gra^ IS indicates that the first MOSFET Ml has a threshold voltage V^, 
10 18.7mV below that of the second MOSFET H2. 



In order to counteract the threshold voltage difference, a charge is 
applied to one of the floating gates F1 and 72 and the procedure used to 
generate the graph 15 is repeated. If the value of SVpi^ increases, the 
15 polarity of the charge is reversed and the procedure repeated. If 6V^2 
is reduced, the procedure is* repeated with a charge of like polarity and 
lesser or greater magnitude in accordance with whether the reduction was 
greater than or less than iS^j^^. Successive iterations of this procedure 
provide a negligible residual threshold voltage difference. 

20 

Charge is introduced on to the relevant floating {rate F1 or F2 as 
described by A Thomsen and M A Brooke, IEEE Electron Device Letters, Vol. 
12, No.' 3, March 1991. The terminal pads PI to P4 are capacitatively 
coupled to respective floating gates F1 to F4; each capacitative 

25 coupling is however constructed as a charge injector as described by 
Thomsen et al. In consequence, a voltage on one of the pads PI to F4 
produces the injection of charge on to the associated gate F1, F2, F3 or 
F4 . The charge ranains on the relevant gate after the voltage is removed 
from the associated pad, and persists for a considerable time as has been 

30 said. 

Referring now to Figure 3, there is shown the differential -amplifier 10 
of Figure 1 with changes to subsidiary circuitry for the purposes of 
determining charges to be applied to the third and fourth MOSFETs M3 ^n d 
35 H4. Parts previously described are like referenced. The differential 
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amplifier 10 has first and second input gates CI and G2 connected to 
earth. The terminal pads F6 and P7 are connected to first and second 
voltmeters VMt and VM2 respectively, c^hich are also connected to earth. 
Tesminal pad P5 is imconnected. The third and fourth terminal pads P3 
5 and F4 are connected to a variable voltage source VS. The si^itch SW is 
set to connect the fifth input gate G5 to the bias voltage source VB. 

The voltage source VS is en^loyed to apply voltages to the third and 
fourth pads P3 axid P4, so that charges are injected on to the third and 

10 fourth floating gates F3 and F4. This alters the drain voltages of the 
first and second HOSFETS HI and H2 to respective predetermined values for 
which the amplifier 10 designed. The drain voltages appear at the 
sixth and seventh pads P6 and P7 respectively, and are measured by the 
first and second voltmeters VH1 and VH2. Uhm the predetermined values 

tS are achieved, the voltage source VS is disconnected from the pads F3 and 
P4. This leaves charges on third and fourth floating gates appropriate 
for maintaining the design values of the first and second fiSOSFET drain 
voltages. 

20 Referring nocr to Figure 4, there is shocm the differential an^lifier 10 
arranged as an ii^ut stage of an operational amplifier 18 having a second 
stage 16. The second stage 16 has an output 20 connected as one input .to 
a comparator amplifier CA1 . A voltmeter VH3 is connected betmen earth 
and an output CAO of the comparator amplifier CAt, and this amplifier has 

25 earth as a second input. The amplifier output CAO is connected to the 
second input gate 62. A voltage source VS1 is connected to the first 
floating gate terminal pad PI . The first input gate 61 is connected to 
earth. 

30 The circuit of Figure 4 operates as follows. The first input gate 61 is 
at earth potential. The signal at the second drain connection D2 is 
connsctedto second stage t6. The output signal from the second stage 
16 is con^ared with earth potential in the comparator amplifier CA1. 
Output from the comparator amplifier CAO is fed to the second input gate 

35 62, and has a polarity appropriate to reduce the output voltage appearing 
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at the operational anrplifier output 20. In consequence, negative 
feedback takes place in the loop defined by the differential anplif ier 
10, the second stage 16 and the comparator amplifier Oil. when this 
feedback loop stabilises, the output voltage of the comparator amplifier 
5 CA1 is that which is necessary to produce a zero voltage at the 
operational amplifier output 20. This comparator output voltage is the 
systenatic input offset voltage of the two-stage operational amplifier 
IB determined over both amplifier stages 10 and 16. It appears displayed 
on the voltmeter VH3. To adjust the operational amplifier IB for zero 
10 systematic input offset voltage, either the first floating gate F1 or 
alternatively the second floating gate F2 is charged as appropriate to 
reduce the voltage shown on the voltmeter VH3. The procedure involving 
charge injection is iterative and equivalent to that described with 
reference to Figure 1 . 

The invention lends itself to automation of the kind employed for 
conventional integrated circuit testing. Thus the terminal pads PI to 
P7 may be designed to accept probes linked to a computer with associated 
voltage sources and measuring devices, the computer being programmed to 
20 implement su^ly and detection of voltages and to activate floating gate 
charging. Such an arrangement is well suited to iterative procedures and 
to adjustment of arrays of amplifiers. 

The current mirror drain load circuit of the differential amplifier 10 
25 may be replaced by any other drain load circuit having a respective 
floating gate transistor for each ix^t transistor. Variation of the 
drain currents of the first and second HOSFETs HI and H2 may be achieved 
by a current source connected in parallel with a bias elemoit such as. the 
fifth HOSFET MS, the source being disconnectable after adjustmmt of fiv^^ 
30 to a low value. 

The invention has been described with reference to adjustment to 
counteract differing threshold voltages and departures from design values 
of input transistor drain voltages, and also input offset voltage when 
35 the differential amplifier is part of an operational amplifier. However, 
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in individual applications of the invention not all of these adjustments 
may be required. Any one, any two or all three might be appropriate 
according to circuit design requirements in specific circumstances. In 
some operational amplifier applications in particular input voltage 
5 offset adjustment may be uxmecessary. 

the differential amplifier 10 incorporated a respective terminal pad 
(eg PI) for each of the four HOSFETs HI to H4. It would be possible for 
the invention to be impleBiented with only one of the first and second 
to HOSFETs HI and H2 having a terminal pad. Since a floating gate may be 
charged positive or negative, a correction requiring a positive charge 
on floating gate F1 may be implemented by a negative chwge on floating 
gate F2. However, this introduces circuit deisign asymmetry which might 
not acc^table. 



15 
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CLAZHS 

1 . A differential amplifier wherein: 

(a) a source-coupled pair of transistors are arranged respectively as 
inverting and non-inverting input transistors of the amplifier, 

(b) the input transistors have respective drain load circuits each 
incorporating a respective subsidiary transistor and the 
subsidiary transistors forming a pair, 

(c) at least one of the pairs of input and sxibsidiary transistors ia 
a pair of field effect transistors incorporating respective 
floating gates, and 

• 

(d) the aiq»lif ier includes correcting means for charging at least one 
- of the said floating gates to. counteract at least one of 

(i) differing input transistor threshold voltages, and 

(ii) discrepancies between actual and design values of input 
transistor drain voltage. 

2. An aniplifier according to Claim 1 wherein the correcting means is 
arranged for charging at least an input transistor floating gate 
to counteract differing input transistor threshold voltages^ and 
tdserein the amplifier includes current varying means connected to 
the input transistor sources and arranged to vary the input 
transistors' drain currents. 

3. An amplifier according to Claim 2 wherein the current varying 
means comprises a transistor and biasing means arranged to vary 
the current in that transistor. 
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4* An amplifier according to Claim 2, or 3 wherein the correcting 
means includes: 

(a) means for controlling the current varying means to determine 
a linear region of the variation of the amplifier offset 
voltage with the square root of the sum of input transistor 
drain currents, and 

(b) means for detecting discrepancies between actual and design 
values of input transistor drain voltage and for charging at 
least one of the subsidiary transistor floating gates to 
counteract such discrepancies. 

An aoq^lif ier . according to any preceding claim wherein the 
correcting means includes a respective terminal pad connected to 
the or each floating gate designed for charging, the said terminal 
pad being connectable to a charging source. 

An amplifier according to any preceding claim arranged as an 
operational an^lif ier including a second stage connected to a 
drain load circuit, the correcting means including means for 
charging an input transistor floating gate to counteract amplifier 
input offset voltage. 

8. A method of producing a mismatch-adjusted differential as^lifier 
including the steps of:- 

(a) providing a differential an^lifier incorpoarating a pair of 
ix^t transistors and a pair of drain load transistors, at 
least one pair being floating gate field effect transistors, 
and 

(b) charging at least one floating gate of the field effect 
transistors to counteract at least one of :- 

(i) differing input transistor threshold voltages, and 



6. 



7. 
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(11) discrepaxicies between actual and design values of 
input transistor drain voltage. 

9. A method according to Claim B wherein prior to step (b) the input 
transistor threshold voltage difference is determined by measuring 
the amplifier input offset voltage as a linear function of the 
square root of the sum of the input transistor drain currents and 
extrapolating that voltage to zero drain current sum, and step 
(b)(i) is implemented by charging an input transistor floating 
gate. 

10. A method according to Claim 8 or 9 wherein step (b)(ii) is carried 
outr the said discrepancies are determined by providing reference 
signal levels to the input transistors and monitoring the input 
transistor drain voltages idiich result, and at least one of the 
subsidiary transistor floating gates is charged to counteract any 
such discrepancy. 

11. A method according to Claim 8, 9 or 10 idierein the an^lifier has 
a second stage connected to an input transistor drain, amplifier 
input offset voltage is determined by feeding back to an axq)lif ier 
input a signal derived by. comparing the second stage output with 
a reference signal level, and this offset voltage is counteracted 
by charging an input transistor floating gate to reduce it. 

12. An operational amplifier produced by the method of any one of 
Claims 5 to 8. 



if 
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